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electrode is covered by a thin Agy0 film.

In the case of thicker films, after completion of nucleation and growth,
changes in the hydrodynamic conditions do not influence the oxidation
current and adjustment of the thickness of the oxide film to new hydrodynamic
conditions proceeds at a slower rate because of the slowness of the solid-
state diffusion step. ‘

The Ag;0 nucleation and growth peak has been observed in chronoampero-
metric transients above potential of + 240 mV (vs. Ag/AgCl). It has been
observed that the nucleation and growth peak decreases as the convective
diffusion is accelerated by the rotation speed of the RDE. The dependence of
the oxidation current upon the rotation speed vanishes gradually during the
Ag20 nucleation and growth process.
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ABSTRACT \ YY\O\/CLA\ A,N\

Growth_of tbe anodic Ag‘ZO film on a polycrystalline silver disk
electrode in ~1.Amddnr'a‘ KOH solution at ambient temperature has been
examined using a variety of electrochemical techniques. On the basis
of the experimental results, a solid-state model of silver electrode
covered by a thin semiconductor film with a finite ionic conductivity
has been proposed. It has been found, that under potentiostatic con-
trol, thickness of the oxide film adjusts very quit.;kly to the hydrodyna-
mic conditions by a deposition/dissolution process and the steady-state
oxidation currents fulfillthe Levich equation for RDE despite the fact
that the electrode is covered by a thin Ag*éo film,

In the case of thicker films, after completion of nucleation and
growth, changes in the hydrodynamic conditions do not influence the
oxidation current and adjustment of the thickness of the oxide film to
new hydrodynamic conditions proceeds -at slower rate because of the
slowness of the solid-state diffusion step.

The Ag'zo nucleation and growth peak has been observed in

chronoamperometric transients above potential of + 240 mV(vs. Ag/AgCl). It

has been observed that the nucleation and growth peak decreases as
the convective diffusion is accelerated by the rotation speed of the RDE.
The dependence of the oxidation current upon the rotation speed

vanishes gradually during the Agzo nucleation and growth process.
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INTRODUCTION

The porous silver oxide electrodes in conjunction with zinc, cad-
mium, iron or hydrogen electrode serve as cathodes in various batte-
ries (1). The silver electrodes offer excellent cycle life when used
in rechargeable cells (1-4). In spite of development of commercial
rechargeable silver-zinc batteries and the numerous investigations
on the electro-oxidation of silver in alkaline solutions, the basic electro-
chemical processes involved are still not well understood. Apparently

simple, consecutive oxidation scheme:
2Ag + 20H = Ag,0 + H,0 + 2e (1)

Ag,0 + 20H = Ag,0, + H,0 + 2 e [2]
is complicated by adsorption processes, nucleation overvoltages, solid-
state diffusion and dissolution of Ag(I) in form of hydroxy-complexes.
The resulting cyclic voltammogram for polycrystalline smooth electrode
consists of five anodic peaks (see Figure 1) from which only two are
associated with the formation of bulk Agzo and Ag'zo2 . Our present
objective is to study the initial stages of the oxidation of smooth poly-
crystalline silver electrode.

Commencement of silver oxidation has been ascribed by Giles et
al. (5,6) on the basis of impedance measurements, to its dissolution
in form of Ag(OH)z' complexes. According to Brezina et al. (7) the
multilayer surface oxides are formed in the region of peak Al (see
Figure 1), while Giles et al. (5,6) proposed a mechanism in which
a monolayer of Ag,0 is completed in the region of the first oxidation

peak. Droog et al. (8) and Ambrose et al. (15) treated their peak
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as Al on the basis of the recalculation of the electrode potential scale,
but previously (5,9,10) this peak was compared to the peak Az of
other authors (11-14). Ambrose and Barradas (15) conclude on the
basis of ring-disk study that in the A1 region the dissolution of sil-
ver(l) as Ag(OH); occurs giving linear Koutecky-Levich plots,

i_' 1. f( w.* ). However, no further conclusions could have been drawn
from the potential dependence of the determined values of the anodic
current at w + « . Earlier, the ring-disk technique has been applied
by Miller (16). In this profound study the super-saturation in the vi-
cinity of the electrode surface has been observed at the foot of the
A3 peak; the peaks A1 and A2 have not been observed on his fresh-
ly polished electrodes. Tilak et al. (9), Perkins et al. (10) and Stone-
hart (11) have treated the peak A1 as an artifact (carbonate impuri-
ties, electrode etching, etc.). Droog et al. (8) attribute it to a com-
plex situation in which at least two reactions are involved. They have
proven that the change in carbonate concentration does not influence
the Al peak potential. On the basis of the combined electrochemical
and ellipsometric studies, the same authors (8) conclude that the A1
peak is due to the silver dissolution and the formation of a surface
monolayer. The peak A2 has been identified by Dirkse and de Vries
(12) as AgOH. To similar conclusions came Stonehart (11), neglecting
dissolution of adsorbed and volume films of AgOH. Other hypotheses
have also been proposed: oxidation of adsorbed hydrogen (13), pre-
ferential oxidation of surface silver atoms of low coordination number

(16,17) and electrodissolution of silver with eventual formation of
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a surface Ag20 monolayer (9,10). The latter point of view has been
associated (10) with the fact that no photo-effects were observed in
the A, region. It has been found that the onset of the photocurrent
on voltammetric characteristics for semiconducting n—Ag20 film elect-
rode takes place after the peak A2 is completed (10,18).

The aging effects in the initially formed oxide film have been con-
sidered by Arvia and co-workers (19). The electrochemistry of silver
in KOH solutions at elevated temperatures has been studied by Mac-
donald and co-workers (25-28).

In this study we examine the initial stages of the electro-oxidation
of silver and growth of the semiconducting oxide films on polycrystall-
ine silver electrodes in alkaline environment. The aim of this work is

to describe the solid-state transport processes across the thin Ag,0
anodic film starting from first monolayers. The influence of different
parameters on the total oxidation current is discussed. On the basis

of the performed experiments, we propose a steady-state model of the
Ag/Agzo electrode in the region of the space-charge build-up in the

growing film. The LSV (linear scan voltammetry), LPSC (linear poten-
tial scan coulometry), CV (cyclic voltammetry) and RDE (rotating disk

electrode) techniques have been used in measurements.

EXPERIMENTAL

A standard plexiglass electrolytic cell of about 100cm3 capacity

was used in this study. A fritted glass tube was used to separate the
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Pt-foil counter electrode from the main cell compartment. A silver rod

(Johnson-Matthey) pressed into a teflon holder was used as a working
2

electrode; its active surface area was 0.385cm”. A Model EC-219 rota-

ting disk electrode (IBM Instruments, Inc.) was also used in exper-
iments with controlled hydrodynamics. The potentials were measured
against the double-junction silver/silver chloride electrode (Sargent-
Welch Scientific Co.) with internal saturated KCl solution and exter-
nal 1 mol dm_3 KNO3 solution. The latter one was exchanged each day
to avoid contamination of the main solution (KOH) by chloride ions.

A Model EG&G 173 potentiostat, equipped with a Model 179 digi-
tal coulometer and Model 175 universal programmer were used for volt-
ammetric and chronocoulometric measurements. The experimental plots
were recorded on a Hewlett-Packard Model 7044 A XY-plotter.

All the chemicals used were of analytical grade purity. The so-
lutions were prepared with deionized water (18 Mohm) obtained using
a Milli-Q purification system. Before the measurements, silver elect-
rode was polished with 0.05 ym alumina (Fisher Scientific Co.), wash-

ed with deionized water and dried in a vacuum. The solutions were

deoxygenated by nitrogen bubbling.

RESULTS

A well developed full CV characteristic for polycrystalline silver
electrode in 1 mol dm'3 KOH solution can be obtained after approximat-
ely six cycles between -650 and +900 mV vs. Ag/AgCl reference elect-

rode. Such a voltammogram is presented in Figure 1 for the potential
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scan rate of 10 mV/s. All the Faradaic activity start at potentials
positive to - 300 mu vs. Ag/AgCl. In consecutive cycles, only small
changes (increase) in the peak heights are observed and they are

due to increasing real surface area of the electrode. It is seen, that
in the anodic scan, five current peaks are observed and they are
designated AlthrOugh;AS_lhecurrent increase at the positive limit of
the voltammogram is associated with the oxygen evolution reaction.

The formation of bulk Agzo.and.Agzoz can be ascribed (5,6,8-10,
12-21) to peaks A3 and A&’ respectively. 1In the potential region of the
peak AS at the foot of the oxygen evolution wave, the highest silver
oxide, A8203, is formed as has also been reported in Refs. (22,23,25,
29-32), The peaks A1 ancl~A.2 correspond to the initial stages of the
silver oxidation.

When the electrode is conditioned in solution at open circuit for
a long time (e.g., 24 hrs.) significant changes are seen in the LSV
peak structure (Figure 2). The peak A2 1is ‘not observed and the peak
A3 is much sharper than normally obtained on freshly polished electrode
and also, it is higher than the peak A4 corresponding to the nucleation
and growth of thé argentic oxide. Furthermore, upon successive cycles
large changes are observed in the relative amplitude and the position of

the various peaks. After about four cycles, a stable voltammogram emerges.

This evolution is shown in Figure 2.

-1
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Potential region of the peak A1

The current pre-wave A1 , hardly seen in Figure 1 is presented
in enlarged scale in Figure 3 for a set of potential scan rates from

10 to 200 mV/s. When the anodic inversion potential Ei is equal +180 mV

(as in Fig.3), a full anodic wave is developed only at v g 10mV/s. In the cath-

odic scan, the peak C1 is observed for all values of v. The half-peak
width increases with v and approaches approximately 60 mV at

v = 200 mV/s. The dependence of the peak height upon the potential
scan rate is presented in Figure 4.

The amount of charge consumed during LSV experiment can be
calculated by integrating the voltammetric characteristic. The charge
Q plotted vs. the electrode potential gives then the LPSC character-
istic. The same result can be obtained by the use of an electronic di-
gital coulometer with analog output. Typical LPSC characteristics ob-
tained in this way for the initial stage of silver oxidation, are presen-
ted in Figure 5. The experimental conditions are similar to the LSV

. curves shown in Figure 3, except that E, is now equal to + 200 mv and the
scan rates down to 1 mV/s are applied. Despite a fall of the LSV curr-
ents, the total anodic charge increases significantly as v decreases.

The total cathodic charge Q-C does not compensate the anodic one Q A
and is always lower by about 1.2 - 1.5 times. The slower the potential
scan, the larger the un-recovered charge.

Note, that all the charge peaks on the LPSC curves in Figure 5
appear exactly at the same potential. It correspondsto the iso-poten-

tial point Ex in the family of the respective LSV characteristics. In

e . — ———
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this case Ex =175 mV.
As shown by Droog et al. (8), the cathodic peak C1 increases
as the anodic potential limit El is shifted toward more positive values.
We have observed the same effect on a stationary polycrystalline sil-
ver electrode. It is interesting now to compare this effeet with the
LSV curves obtained under different hydrodynamic conditions. A set
of LSV characteristics with changing ljl obtained on the rotating sil-
ver disk electrode (RDE) is presented in Figure 6. No effect of §_1
is observed up to §l = 220 mV, unless fast potential scans are applied. The

gignificance of this observation is discussed in the discussion section.

Dissolution effects in the formation of a thin Ag,O film

The steady-state anodic oxidation currents measured on silver
RDE at different angular velocities, in the potential range 180 - 250

mV, fulfil the Levich equatiori:
i = 0.62nFAD3y 16,2 (c_-c") (3]

where D is the diffusion coefficient of the diffusing species, v is the
kinematic viscosity of the solution, Cs and C* are the concentrations
of the diffusing species at the electrode surface and in the solution
bulk, respectively, & is the angular velocity of the rotating disk and
other symbols have their usual meaning.

The plot of the linear relations i = f( /&) for different electrode
potentials under steady-state conditions is presented in Figure 7.
(The rotation speed @ is expressed in r.p.m.; w = (60/2n1)w). Itis

evident from Figure 7 that the surface concentration Cs increases with
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increasing potential up to approximately +250 mV. Above +250 mV
the situation is much more complex because of commencement of
the growth of the bulk AgZO film. This process proceeds via the
nucleation and growth mechanism (21) with the control by a solid-
state transport through the underlying basal layer.

The chronoamperometric curves presented in Figure 8 illus-
trate the nucleation and growth of Ag20 film at E = +260 mV on
RDE at 5990 r.p.m. and on a stationary electrode. Note, that the
charge under the nucleation and growth peak is much greater for
the stationary electrode than for the RDE. It is not unreasonable
to assume that a thicker film is formed in the former case. The
problem then arises what is the dependence of the oxidation curr-
ent upon the hydrodynamic conditions in different stages of the
Ag,0 film growth and what is the role of the oxide dissolution
processes. From many experiments performed to answer this que-
stion, we present below three typical examples which explain the
results in terms of the relaxation of the oxidation current
arter the perturbation of the transport rate in solution.

The current-time curve shown in Figure 9 was obtained after
anodization of the silver disk electrode at constant potential
E = +260 mV and w = 0 for 10 minutes until the nucleation and
growth peak had been completed. This curve is a continuation of

the curve 1 from Figure 8. A very small response to the change
of the hydrodynamic conditions is then observed ( compare branch A

obtained at w = 0 with branch B at w=5990r.p.m. in Fig.9) and the current

returns to the previous value after stopping the disk rotation ( branch

C, w = 0). However, a longer rotation at w = 5990 r.p.m. (branches

e - — = < e e
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D and E ) causes a gradual increase in the oxidation current which

finaly approaches a steady-state level. If now the disk is stopped

again, the current falls down but the nuclestion and. growth process
;L starts again leading to the transient similar to that presented in
| Figure 16 The transients shown in Figure 10 illustrate the short-
/ | term rotation-speed dependence of the oxidation current in different
;‘ | stages of the Ag20 film growth. Approximately steady-state anodic
current at w = 5990 r.p.m. is observed after about 2 minutes (E = +260mV).
At the point A disk rotation was stopped. The i -w relations at different
times (points B through G) are represented by the arrow whose length is
equal to the difference Ai between the current at w = 5990 r.p.m. i
( measured after 25 sec) and the current at w = 0. Each arrow repre-
sents a separate experiment because the disk rotation for 25 sec. l
. influences the nucleation and growth peak at w = 0 which becomes
more expanded in time. As seen in Figure 10 the dependence of ‘
the oxidation current upon w vanishes gradually during the Ag20
nucleation and growth process.

At the potential E = +230 mV, the nucleation and growth of

the Ag'ZO film is not observed and adjustment of the anodic current

after changing rotation speed of the disk electrode proceeds faster.

R V.

This situation is illustrated in Figure 11 and can be compared to

those described above.

-~ ——— .
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DISCUSSION

The voltammetric characteristics of silver electrodes in alkaline |
solutions are influenced by many factors from which the following seem
to be the. most important: (a) pre-treatment of the electrode surface,
(b) roughness factor and surface structure, (c¢) hydrodynamic con-
ditions, (d) solution impurities, (e) illumination and (f) electrode
history (i.e., conditioning potentials, cycling, potential programs ;
of previous experiments, etc.). Most of the present literature contra-
dictions concerning silver oxidation can be explained when specific
experimental conditions and procedures are taken into account.

The general oxidation path at the silver electrode in the potential
range -300 through +900mV is shown in Fig.1 (cycling between -650 and +900mV).
There are five anodic peaks A, through Ag. On the basis of our
experiments, we list the conditions under which A; and A, peaks can .
be observed: unstirred solution, electrode roughned by strong ‘
oxidation and oxide stripping, solution not saturated with Ag(l) -

- hydroxycomplexes. Similar peak structure has recently been
reported by Droog,et.al. (8) and Teijelo,et.al. (except the feature As).
It is clear from our measurements (Figure 2,8 ) that the first
two peaks A1 and A2 do not appear on the voltammogram for poly- ‘
crystalline silver electrode conditioned for a long time or when the ;
solution is stirred and is not saturated with Ag(l). The surface \
restructuring processes are evidently involved in the conditioning. . |

step. The reconstruction of the surface monolayers and formation

g
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of the thermodynamicaily more stable atomic configurations with |

some preferential crystallographic orientations on a polycrystalline

material can be considered. Eventually, it may concern even a few

monolayers. Note, that some authors (14, 17) identify the peak

A2 with the preferential oxidation of surface atoms of low coordi-

nation number. Also, in this case ( Figure 2, curve 1) the peak A3 )

has a different shape than that seen in Figure 1; it is sharp and

much higher than the peak A 4 for the Ag202 nuclation and growth.
This indicates that Agzo nucleation process (A3) is highly :

retarded on reconstructed surfaces and starts spontaneously when

the solution becomes supersaturated at the electrode surface and the

potential reaches sufficiently positive value. Before the first mono-

layer of Ag,0 film starts to grow, the reaction of silver dissolution A

according to Giles and Harrison(5) can be represented by the equation:
Ag + 20H = Ag(OH), + e [4)

assumed also by other authors (15). t
The initial stage of Ag20 formation proceeds via the net electro- i
chemical reaction [5) which in our opinion is presumably composed

from a few elementary steps:

2Ag + 20H - 2e = Ag0;y *+ HyO (5]

or by the precipitation mechanism which is generally accepted for
thicker Agzo films ( 9, 15, 16, 21, 22). In the latter case the reactions
that might be involved are the following:

2Ag(OH), = AgOy, + 20H + Hy0 [6)
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2Ag0 + HO = Ag0sy + 2 OH~ (1
2 AgOH, Ag,0yy + H,0 [8]

The subscript (i) was used at Ag20 in the reaction equations [5] -
-[8] to denote differences betweeen consecutive monolayers ( at least
between the first, adsorbed layer and the bulk Ag20 layers). The
complexes Ag (OH ); and AgO are prevailing Ag(l) species in the
solution (16, 32). The reaction equation [5] has been proposed for
the formation of the adsorption Ag,0 film (5). For the next mono-
layers, the same equation can be used as a total reaction for the

film growth, but it has been found on the basis of the RRDE experi-
ments ( 15,16 ),that the important step in the mechanism is precipi-
tation of Ag20 from the super-saturated solution via the nucleation
and growth process. Dignam et al.(33) and other authors (9, 21, 34)
pointed out the significance of the solid-state mass transport in the

Ag20 film formation.

Initial stages of silver oxidation

Determination of the contributions of the initial silver dissolution
process and the Agzo adsorption reaction to the total current is di-
fficult because no mechanistic studies have been performed which
could give a better insight into the reactions involved.

Comparison of our LSV characteristics for the region of peak A1
(Figure 3 and 6) shows a significant influence of the dissolution pro-
cesses at the RDE where the effect of the increasing inversion poten-

tial E. on the cathodic currents is not observed. The results of the

- - - L L L R e e S
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LPSC measurements (Figure 5) at a stationary electrode can be ex-
plained by loss of charge due to the dissolution at Ei < 200mV.

On the basis of the RDE experiments (Figure 7 and other data)
we can calculate the surface concentration C s of the Ag(I) species
at different potentials using Levich equation [3]. For a reversible
electrodissolution of metallic silver, one can expect a linear relation
logC, vs. potential E with a slope ( SE/§log Cs) = 59.16 mV. However,
in our case (Figure 12) the slope is 73mV at higher potentials and
about 90 mV at lower potentials. The potential region where the slope
73 mV is observed, corresponds to the region of the change in optical
parameters ( § A ) in the ellipsometric studies of Droog et al.(8) and

can be associated with the influence of the adsorption process.

Effect of the solid-state transport and nucleation and growth pheno-

maena on the potentiostatic transients under different hydrodynamic

conditions

At potentials E > 250mV, the bulk Ag20 is formed, however,
the Ag(l) surface concentration Cs maintains the saturation value.
The dependence of the steady-state oxidation currents vs. Yo is
still similar to that represented by the curve for E = 250mV al-
theugh adjustment of the film thickness during the change in the
rotation speed takes place (Figures 9-11). This fact seems to be a
natural consequence of the interrelations between the varying rate of
convective diffusion in the solution and the mass transport within
the solid film. The electrical conductivity of Ag,0 is very low (0= 10°8

S/em (33)) and, basically, one might assume a constant field
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approximation:
--9
E Ix const 9

for the potential distribution across the AgZO film, similarily as for
example for niobium oxide (35) or iron oxides (36). In consequence
adjustment of the film thickmess to the changed hydrodynamic conditions
would require in this case a change in the potential drop across the

film. But, because of the observed constancy of Cs = C:at

at varying
w (i.e., linearity of the Levich plot) under steady-state conditioms,
it seems that constant potential drop rather than constant field is
maintained in the oxide film. Work is underway in our laboratory to
address this questioﬁ, using impedance measurements, and the results will
be reported in the forthcoming publications.

And finally, we would like to emphasize one characteristic feature of
the system behavior: the invariance of the LSV peak curents A2 and A3
with respect to the rotation speed w as was reported by Tilak et. al. (8)
and Hampson et. al. (17) as compared to the rotation speed dependence of the
oxlidation currents at constant potentials in the potential region of the
LSV peak A2 that is reported here (Figures 8 - 11). Possible explanation
of this fact is that in the LSV experiments (v = const), the film thickness
increases following the continuous. changes in the electrode potential. In
the case of the nucleation and growth, the current peak is determined by the
increasing real surface atea. An acceleration of the rotation speed causes
a longer dealy before the commencement of the nucleation and growth

process and this is manifested by a shift of the peak potential. The
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Peak currents, however; remain undisturbed by the dissolution processes.

The nucleation and growth peaks seen in Figures 8 and 10 correspond
probably to the same processes as those at the LSV peak A3 because a
further potential scan applied in the direction of positive potentials

shows only peak A4 (Agzo2 formation).
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CONCLUSION

The steady-state oxidation currents measured on the polycrys-
talline silver RDE fulfill the limiting Levich equation despite the
fact that the electrode is covered by a thin Agzo film. When the
hydrodynamic conditions are changed by the change of the rotation speed
of the disc, the anodic current adjusts to the new value. The rate
of this adjustment indicates that the solid-state transport processes
and changes in the film thickness ar; involved. However, the final
value of the current indicates that the saturation of the solution with
respect to Ag(I) is maintained. A steady-state model of the metal/semi-
conductor electrode undergoing dissolution is thus proposed. In the case
of thick AgZO films, the solid-state diffusion control of the anodic processes
can occur. At the same constant electrode potential, thicker films are
obtained under conditions of slower mass transport in the solution. This
conclusion follows from the proposed model and is consistent with the
experimental results.

The Agzo nucleation and growth peak has been observed in chrono-
amperometric transients above the potential of + 240 mV(vs. Ag/AgCl). The

height of this peak decreases as the convective diffusion is accelerated

by the rotation speed of the RDE.
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In case of the monolayer Ag20 films, which can be obtained in the
potential region of the first LSV peak (Al) , the surface concentration
of Ag(I) in solution is lower than the equilibrium value corresponding
to the reversible Ag/Ag(I) electrode and the slope (S E/Slog g_s)
is greater than 59.16 mV. The results of the LPSC measurements
obtained on a stationary silver disk electrode show a large un-recovered
charge during the potential cycle (starting from the negative potential
limit at the conditioning potential). The dependence of the peak curr-
ents A1 and C1 upon the potential scan rate is not linear. All these
observations indicate a complex behavior of the system in the region
of peak A1 which cannet be simply described by the equilibrium silver

dissolution with the formation of a reversible adsorption layer of Ag20.
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FIGURE CAPTIONS

Figure 1. The CV characteristic for the polycrystalline silver electrode (geo-
metric area A = 0385 cm2) in 1 mol dm'3 KOH solution at 22°C. Poten-
tial cycles 6-8 between -650 and +900 mV vs. Ag/AgCl, v = 10mV/s,

quiet solution, Econ a- -1240 mV.

Figure 2. Consecutive runs (1 to 4) of the cyclic voltammogram for a stationary

3 KOH solution.

Scan rate: 10 mV/s, potential limits; -650 and +900 mV, A = 0.385cm2.

silver electrode conditioned for 24 hours in 1 moldm

3

Figure 3. The LSV characteristics for the Ag electrode in 1 moldm * KOH solution

in the region of peaks A1 and 01 for the potential scan rate vimV/s]:
(110, (2)20, (3)40, (4)60, (5)80, (6)100, (7)120, (8)140, (9)160,

(10)180, (11)200 , A = 0. 385¢m>.

Figure 4. The dependence of the cathodic peak current (Cl) upon the potential

scan rate (curve 1) and the square root of the scan rate (curve 2).

Solution: 1 moldm °.

Figure 5. The LPSC curves for the initial stage of silver oxidation and reduction

3

in 1 moldm™ ° KOH solution. Potential scan rates v[mV/s]: (1)200,

(2)180, (3)160, (4)140, (§)120, (6)100, (7)80, (8)60, (9)40, (10)20,

(1110, (12)5, (13)2, (1)1 , A=0.385¢m2.

Figure 6.The slow-scan, LSV characteristics for a rotating polycrystalline silver

3 KOH solution for different values of the

disk electrode in 1 moldm~
anodic inversion potential _l::_l [mV]: (1)175, (2)182, (3)190, (4)200,

(5)210, (6)220. Conditions: v = 1mV/s, w=5980r.p.m.
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Figure 7. Dependence of the steady-state oxidation current ld upon the square
root of the rotation speed vw (in: (r.p.m.)’} ) of the silver RDE for
different electrode potentials E [mV vs. Ag/AgCl]l: (1)260, (2)250,
(3)230, (4)200, (5)180. Solution: 1 mol dm 3 KOH.

Figure 8. Typical chronoamperometric transients obtained on a stationary (1)

and rotating (2) silver disk electrodes at E = +260 mV (vs. Ag/AgCl)

in 1 moldm ™3

KOH solution, Curve 2: w= 5990 r.p.m.
Current scale: right for curve 1, left for curve 2.

Figure 9. The current - time transient obtained on a silver disk electrode after
depositing of the AgZO film for 5= 600 s. The branches A-E of the

transient correspond to the rotation speed of the disk w: (A,C)0 and

(B,D,E)5990 r.p.m. Solution: 1 moldm™>

geometric area A=0,192 cmz.

Figure 10. The short-term effect (marked by the length 3f arrows) of changing

KOH; E = +260 mV (vs. Ag/AgCl) ,

the rotation speed of the filmed silver disk electrode from 0 to 5990 r.p.m.
in different stages of the Ag,0 film growth. The current - time transients
were obtained at w= 5990 r.p.m. (branch A) and 0 r.p.m. (branch B).
Each arrow represents a separate experiment in which the transient was
interrupted at the time (marked by arrow) by turning the rotation on
(w=5990 r.p.m.) and reading the value of current afte_r 25 sec.

E = 260 mV (vs. Ag/AgCl), geometric area A =0.192cm?.

Figure 11, The current response on the change in the rotation speed of the filmed
polycrystalline silver disk electrode at E = 230 mV (vs. Ag/AgCl) in
lmoldm-3 KOH solution; @ [r.p.m.]): (1)0, (2)5990, (3)0, (4)100,
(5)400, (6)900, (7)1600, (8)2500, (9)3600, (10)4800, (11)5990.

Dashed curve: initial current ~ time transient at 5990 r.p.m. (current
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scale x2).
Figure 12. Plot of the elctrode potential vs. the logarithm of the surface Ag(I)

concentration calculated from experimental steady-state oxidation

3

currents using Levich equation (3). Solution: 1 mol dm - KOH.
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